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PI' - --, -ii1 dJJl''L.1. A02 

2 .  T. D. Carr 

3. _x----- &ckp;round: 
a t  the krec2.bo Ionospheric 0lxe:rvatory i n  Puerlto f\:ico t o  supplemeii-t t h e  

The primary ob j cc t ive  i s  -Lo u.til.ize t h e  radio te lescope 

rad io  ns-trono:?iy program at  t h e  1Jiii.vers:'L-i;y of F1ori.d-a. Inves t iga t ions  
t o  da te  have been principal-ly on t he  pl-anct J ' q i t e r .  Three s e r i e s  of 
obscrvatioilc of t h e  Joviz.n s;)rlichi:o.tron e i~ . s s io i ?  a-i; It30 Mc/s have been 
m a d e  ai; A~ec ibo .  
which had previov.s.ly bccn observed on:Ly at; higher frequencies,  extencis 
doim t o  11-30 ~ c / s .  
t h e  a c c u ~ a c y  of oilr knowledge OP the ro t a t ion  p-i-iod of' J u p i t e r ' s  
niagnetic fie:Ld havc been u.nsucc.essl'u.1 b ~ c n ~ i . s c  o:f :Lnw.fTi.cten'L d.xta. 
IIo~rever, these stud:i.es have lend to inipor-Lnnt develop ,n-is i-c@rding . 
t h e  ro t a t ion  period, which were based u.pon a re-examination of other  
dat, a, . 

The o-bseir.va-tions have p:roven that %be beani.Lng effect ,  

~ t t e m p t s  t o  u t i l i z e  thc!se I~c',~:;IJ.TcI!~~I~'I;s t o  inprove 

4. Data reduct~.on f o r  t h e  
s e r i e s  of obscrvations of Jupi te iq  msde a t  Arccibo a,t It30 T/;c/:; by 
CTu1ki.s a.n.8- Carr i n  October 1365 vas con$-e-Led-. A s  indicated i n  t h e  
previou-s observations a t  Arecibo by Tiber i  of t h e  Un ive r s i ty  of Fl.orid.a, 
a s l i g h t  but d e f i n i t e  cor rc la t ion  of in tmis i ty  with System I11 c e n t r a l  
meridian 1ongitu.d.e vas found. 
t h e  curve of i n t e n s i t y  vs. System I11 longitude, it was again poss ib le  
t o  corflpute t h e  mean coyrection t o  t he  assumed ro t a t ion  period. 
Unfortumately, t he re  mre s t i l l  not  enough observations t o  y i e ld  t h e  
des i red  precis ion.  There was, however, t h e  suggestion of a d r i f t  
corresponding t o  a ro t a t ion  period about ha l f  a second longer than t h a t  
of System 111. Subsequently, a thorough re-evaluation of a l l  ava i l ab le  
measurements of t h e  Jovian ro ta t ion  per iod at both decimeter and 
decameter wavelengths vas made by Gulk-is and Carr. 
reached t h a t  J u p i t e r ' s  magnetic f i e l d  ro t a t e s  with an e s s e n t i a l l y  
constant period irhich i s  about 0.3 second longer than t h e  System I11 
period. It was suggested t h a t  a previously unexplained change i n  
r o t a t i o n  period which had been observed at 18 Mc/s w a s  p a r t  of a 
regular  o s c i l l a t i o n  about t h e  t r u e  mean value.  It was f u r t h e r  suggested 
t h a t  t h e  period of t h i s  o sc i l l a t ion  i s  11.9 years,  t h e  o r b i t a l  per iod 
of Jupi te r .  
r e l a t ionsh ip  between Ju.piter and- the earbh, and i s  bel ieved t o  be 
ind ica t ive  of a narrow beaming of t he  decameter wavelength rad ia t ion .  
Several  l i n e s  of evidence were found t o  su.pport these  su-egestions. 
The r e s u l t s  were published recent ly  i n  Science (see publ icat ion l i s t ) .  

Progress from May l t o  Oc-t.ober _-_- 31 2-z- 1966- * 

By measuring the  d.ri:F-t i n  t he  peak of 

The conclusion was 

The effect vas a t t r ibu ted  t o  t h e  changing geometrical 



.. 

On the basis of "ihe various observations of Jupi-ter made by 
TJniversiJiy of ~lo r2 ,d -a  pers,onfis~ a b  ~ ~ 1 - e c l b o  3°C 4-30 ?<c/s,  ii; was 
possible to es-lali.l_isli 8x1 empirica.l  rela'iionship bciveen the quant i ty  
of' data obtained and t h e  resul-Ling accuracy of t h e  ro t a t ion  period 
measurement. This rel.at3.onship w i l l  be used. as a guide i n  designing 
fu-tu.re observational piaogi*asils of Jupiter at  Arecibo. 

S. Gulkis and  T.  D. Carr, "The Radio Notation Perioci. of Jup i t e r , "  
Science, Q+, 257-259 , 1366. 
S. Gulkis and T. D. Ca-rr, "Asymiictricn,l Stop Zones in Ju.pi ter ' s  
Exosphere, I '  Nn-Lure, _I 210 , 11Ob , June 1966. 

S .  Gu1Bi.s and T. D. Carr, "The Radio Do-La-Lion Period of 
Jup i t e r ,  I '  

A;- c Lroiiornica,l. - - 

paper  presented at) the mccting of the AnerLcan 
Socic-ty, Cornell University,  Ju ly  26, 13GG. 

T. D. Czrr, "Juqi te r  a t  Radio Frqu.eiic.ies, colloquium talk 
at Louisiana S t a t e  Un ive r s i ty  a-t N e v  Orbeans, August 3, 1366. 

6 .  --- Budget f o r  l'eriod May .I to October I- 31, -.__- 1-966: 

Sal. a ri. e s $5,330 - 80 

Expenses 415.61 

Capi t a l  Equipment 1 , 507.47 
Total  expenditures $7, '53 * 88 

~ 

i 
~ 
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1. Depar-tmcrd : Physics and Astronomy 

2. P r inc ipa l  I r ivcs t i~a , to i ? :  .--- Alex G. Siai-th 

3- 
r ad io  observatory i n  a ca re fu l ly  selectctd va l l ey  i n  t h e  Chilean 
And-es near -the town of JIumita. Select ion of this s i t e  was on 
t h e  bas i s  of' r isoL~tLon and shielding by the surrOi?ndi.r~g mou.n-tains . 
Tlie principnl. ob j cc.tivc of the sS.a.tli.on is the 1os.r-frecpx1cy radio 
observation of t he  p3.aneZ;s Jupiter and Sa-Lu:m umdcr colxTitions 
as free as possil j le of both rmtural and m~~n-~madc Tnterfcrence . 
The station I s  main-tsincd m d  operated throu.ghouL t h e  ydar by 
Sr. Vlad:i.mir Pepic and two Chilean assistan-'is. During the  
repor t  period t h r e e  mcrnbbers of' the  Universrity of Floridr:. grou.p, 
C .  N. Clsson, Alex G .  Smi.tTi and Miss D. I;. Smokny, spent time 
at t h e  fIu.rtn-l;a s t a t i o n  Improving the Ins-trLi~nc.rrtat.ion, reducing 
records, and erec t ing  ncw antennas. 

___._-__ Bczckgrou.nd: Thris p:roject involves the operatton of a s m a l l  

11. 
t t?o new antennas were added t o  the  equ.-ipcnt; an 1.8 Mc/sec broad- 
s i d e  a r r ay  f o r  making precision flux dens i ty  measu.rerwn-ts, a 22 
Mc/sec in'cerferometer, and a 10 Mc/sec interferometer .  

Progr?ss from Nay l to October 3l ,  -_ -̂ 1966: During May and June -- -IL-______l 

Another major improvement vas made during t h i s  period with t h e  
(a war-surplus mbulance) replacement of t he  o ld  equipment s h e l t e r  

by a permancnt adobe bu-ilding. 
g r e a t e r  pro tec t ion  t o  t h e  radio equipment. 

T h i s  new s- t ructure  a f fords  far 

Observation of Saturn was begun 011 t h e  24th of June on a l l  
channels and thus f a r  a few possible Saturnian events have been 
recorded. The monitoring of Jupi te r  was s t a r t e d  during t h e  
l a t t e r  p a r t  of October, when the p lane t ' s  pos i t i on  became favorable 
f o r  t h e  southern hemisphere. 

I n  July, when t h e  French detonated a nuclear  device i n  t h e  
Pac i f i c ,  a l l  channels were monitored i n  hope of de tec t ing  possible  
ionospheric e f f e c t s  such a s  those which accompanied t h e  S t a r f i s h  
explosion i n  1962. I n  t h i s  case the r e s u l t s  were negative, bu t  t h e  
weapon was of very small yield.  Futurc t e s t s  of t h i s  kind w i l l  
a l s o  be monitored. 



A. G .  Smith, G .  R. Lebo, C. N. Olsson, 17. F. Elocli, N. P. 
Six, ani! T. D. Carr, "Jovian Rotation Periods and- tfic 

A. C. Sni-tli, I/. F. Rlock, W. A. Jioi-%Oii, G .  H. Lebo, and 
T.  D. Caxr, I'Influ-ciicC of' t h e  Terres-trial  Xnirirojxnent 
on t h e  T~~iilporK- and S t n - L i  s t i  cal  Charnct e rist i cs of 
Jovian Decametric Radiation, R a d i o  Science , - 1 (DTesr Ser ies )  , 
1167-1171, 1966. 

S a l a r i e s  $ 9,739-00 

Capit a1 E qui pne nt 144.00 

T o t a l  expenditures $15,819 .OO 
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1. 

2. 

3. 
t h e  

4. Prop;ress frcai May l t o  Oc-to1-i-r 31 3.966: N$Lu.ra.l-pariLy exci ted 
states i n  S 3 2 ,  S3'+, A d 6 ,  and. Ar3O 1w.v~ been ctucJ:ied through t h e  reacliions 

isotopical.ly-enriclicd t a r g e t s  irere u.scd; tkii; 1.ayers of t h e  m a t c r i a . 1  i7ci-e 
evaporated onto copper back:'ings, trhich i ~ r c  -i;hen bonlia,rc?ed with Hell ions 
f ro in  t h e  acce lera tor .  Helium 5.011 beam cu.rrrcni;s were appi-oximate1.y 2 
microamperes and t.arget thickness  averaged 12 keV. 
t a r g e t s ,  we fou-nd f i v e  resoiia,nces between 3.76 and 4.20 MeV, corresp0ndin.g 
to exc i t a t ions  i n  S32 a t  10.23, 10.31, 10.35, 10.41, and 10.45 BkV. 
10.23- and 10.45-NeV l e v e l s  are 2t i n  spin and par i ty ;  t h e  10.35-MeV 
l e v e l  i s  1-. 
covered f o r  an inc ident  Hec energy range of 3.2 t o  4.2 MeV, only one of 
which v a s  observed with natu-ral t a y e t  mater ia l .  
thus  represent  energy l e v e l s  i n  A d  a t  exc i t a t ions  of 9.56 to 10.30 
MeV. Spins and p a r i t i e s  of these  new 1.evels a r e  present ly  being deter- 
mined, a f t e r  which t h e  da ta  will be analyzed t o  de te ra ine  t h e  r ad ia t ive  
width a t  each l eve l .  

-.-I-..- .----.-_--I  ___-___ ~ __.I.. __ -L. - .-_ 

0 

Sj-28,30(11..'> I y)s32> 3'j' and S32> 311 (]I?'!- > f \')AT~G> 30. 30th "n;L-turnl" and- 

With Si28-enriched 

The 

Using S3*- e riched targets, 12 new resonances were d i s -  

The o ther  11 resonances 

A new method of evaporating sulfur onto s i l v e r  backings has been 
developed; t h e  corqound. AgS i s  found to withstand in tense  ion beam 
bornbardment without breaking down. 
t h e  previou.sl.y-used compoumds, CuS, ZnS and CdS.  The next group of 
experiments w i l l  u t i l i z e  enriched isotopes of neon and argon as targets. 
The t a r g e t  gases have al-ready been obtained and arrangements have been 
completed f o r  adsorbing t h e  mater ia l  onto s u i t a b l e  backlings. 

Much t rouble  had been experienced with 

We are 
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Expenses 1 738.95 

Capital Eqidpncnt 2,910 95 

T o t a l  expenditures $10 429.90 



1. Departments -- : Aerospace Enginecriiig and Electrical. '  Engiiieering 

3. 
d-:i.a.g;nostic techniques 8p;plical.de to ?XF-geiiern.t,cd- plasims . 
t h ~ s  connection I T ~ S  centered on the d-evelopen-t o:P e l e c t r o s t a t i c  
probes f o r  u.se i n  lov-dens-ity ~.~-SSXIRS , and on spectmscopic  techxi.qu.es 
f o r  use i n  plnsrms at atmosphe:t-ic pressure . With the d-evelopmciit 
of these  techniqv.es, efiiplictsis ha.s gradhal ly  Shif-Led. tovard obtainiilg 
a b e t t e r  und-erstand-ing of t he  electrodeless  dischar.ge. 

Ba.cl-~rou.nd-: The i n i t i a l  purpose of t h i s  project  m s  to develop 
I--____-- 

Wo1-k i n  

. 

r e f e r  t o  pressure ranges O:C 2:roin I tc 
t h e  l as t  progress repoi-t , f u r t h e r  investigat:i.or!s of t h e  elec-trocieless 
d-ischarge have proceed-ed from both an ex.Lprirnental and. theore'Lica1 
bas5.s. An a,tternl,.t vas made t o  use a magnetic pr~obo t o  measL1:r.e t he  
phase sh:i.ft and- at-Lenua-tion o f  t h c  appl ied f i e l d  with3-n t h e  plt:siiia 

as a m a n s  of determining the  coli~p1.c~ coniluctivity of t h e  pLr1~ c:.u1lia 

med-iux. The procedure 1~2s not co;rij?l.ctely successful ,  as bqiossribly 
high values of atteima-Lioii were masurec?. This r e s u l t  vas a-tt.r:i'bu.ted- 
to a d-ismption of t h e  nomm,l diffusion process by thc  introduct ion of 
an addi t ioi ia l  boundary i n t o  the  discharge volume, an asswmptioii which 
was invest igated by t h e  use of probe techniques a i d -  fouild. t o  be 

1 cor rec t .  This work resu l ted  i n  a master's t h e s i s  by M r .  Walter Dernske. 
The result i s  not  unique t o  the electrodeless  discharge, but  would 
apply t o  any diffusion-control led d-ischarge, and should be considered i n  
i n t e r p r e t i n g  any magnetic probe data.  

The r e s u l t s  of previously reported probe measurements2 have been 
published i n  the  AIM Joumial.3 These results r a i s e  ome very 
i n t e r e s t i n g  questions regarding t h e  theory of Ecker-t . 
t h a t  ioni-zation occurs i n  a region near  t h e  discharge wall, imp!-ying 
higher  temperatures near t h e  wall and a f la t - topped  d is t r ibu- t ion  of 
number dens i ty .  
number d-ensity d i s t r i b u t i o n  which implies a unif o m  production of 
ion iza t ion  as wel l .  Tt i s  our opinion t h a t  t h e  uniform temperature 
d i s t r i b u t i o n  i s  a resu.lt of e lectron-electron in t e rac t ion  usua l ly  
neglected f o r  p a r t i a l l y  ionized plasmas. A prcliminary ana lys i s  of 
t h e  steady- s t a t e  t empe ratu-re d i  s t r i b u t i  oil, including electron-  el-ec.tron 
in t e rac t ions  from t h e  approach of Shkarofsky, e t  al.. ,5 i nd ica t e s  that 
t h e  teinperatume d i s t r i b u t i o n  i s  es sen t i a l ly  unif orn? even though t h e  

B Eckert assumes 

The probe da ta  indicate  a uniform temperature, and a 



. J. 

9 

Another. me-thod- of niensu.ri.ng pl.a:;ma proper.l;ies, . involving a 
pl-asma-loaded w,ve guide, has been u.nder coixidxj:atio-n f o r  saxe t i m e  . 
T h i s  work i s  e s s e n t i a l l y  an am.l_ysis of the proposa.1 by Kcenan and 
Kelly.6 The approach taken i n  - t h i s  problem i s  t o  solve f o r  si;aiid.ing 
wave pa t te rns  i n  a pla.sn~~-l.oaded wave guid-e i n  vh ich  the re  i s  n varj.atioa 
i n  e lec t ron  number dens i ty  i n  the a x h l  d i r ec t ion .  This work i s  the 
subjec t  OS a d i s se r t a t ion  by Edr .  Ralph Kinnc j r ,  now ncarj.n:,; t he  final.  
s tages .  
of electromagne-Lic vaves i n  wave gu.ides fLLled w:ith an  iilkiolnogcneou.:; 
medium have been resolved., and a nuix'ocr of ~ 'esu l t s  have been obtain&. 
Preliminary ind ica t ions  are t h a t  the tecllniqu-es descr.i.bed i n  refercncc 
6 iriay give e r ronems r e s u l t s .  

Elost of t h e  mai;heinatical tecliniques for solvring the propagation 

As a means of checking energy t r a n s p o r t  Prru111 the plama t o  a srall 
i n  B discharges,  an experiinent i s  being designed in vhich the heni; 
t r a n s f e r  r a t e s  t o  t h e  wall of a discharge w i l l  be mca:;ured as a fumetion 
of power input, pressur?, and. ax ia l  locat-ion i n  t h e  discharge.  

B. Plasma Diagnostics a t  Atmospheric Pressures. Since t h c  l as t  

"lie 

- .---- - -_-- 
progress report ,  two papers on spect ~ ' o s  c opi c d- iagnost i  c s of atniosphe r ic-  
pressure e lec t rode less  discharges have come t o  our a,i;tention.7,8 
r e s u l t s  of t h e  tvo papers a r e  i n  good agi-ceclnen-l;. 
a x i s  temperature peak of  approxjmstely g500cK w i t h  an ax i s  temperature 
s l i gh t ly  above 90OOC.ic. 
previously obtained- i n  this laboratory p r i o r  t o  t h e  use of a cor rec t ion  
f o r  depth of f i e l d  (discussed i n  last r epor t ) .  
with Mr. P. D. Johnston was madc t o  obtain t h e  o p t i c a l  geometry of h i s  
expzrrimental apparatus.  
experiment to see i f  t h e  off-axis  peak i n  temperature i s  still obtained-. 

They give an off-  

These results a r e  very- similar to r e su l t s  

A personal coiiniiunication 

IJe p l . ~ ~ i ~  t o  run a defocusing correct ion f o r  h i s  

The plasma generator  has been redesigned to u t i l i z e  a nominal 5KY 
power supply. 
alignment. The generator  was obtained from Government surplus, and 
t h e  p a s t  month has been spent restoring this ecpipnent t o  operating 
condi t ion.  A plasma has been obtained. using t h e  new equipment, bu t  
no spectroscopic work has ye t  been done on t h i s  apparatus.  A l a s e r  
has been obtained to f a c i l i t a t e  optical. alignment. 

An op t i ca l  bench has been b u i l t  to f a c i l i t a t e  o p t i c a l  

The discrepa,ncy between our irork and t h e  trro papers previously 
mentioned could be due to t h e  f a c t  t h a t  defocusiiig w a s  not considered 
by them. 
plasma. Since t h e  o ther  researchers operated at higher powers than 
we  irere previously ab le  to ach-ieve, it i s  possibl-e t h a t  we will f i n d  
this off-axis  peak with t h e  new experimental set-up. 

It may a l s o  be d-ue to t h e  d i f fe rence  i n  power supplied to t h e  



10 

An experimental f a c i l i t y  t o  iiives-big e th .e  j:adi:L-l;iol1 frojjl an 
e lec t rode less  d i s c h u g e  from prcssurcs i n  t h e  micron range up -bo 
atrmspheric pressure has been dcsigucd and i s  being constructed.  
w i l . 1  i n v e s t i g t t e  t he  absolute  in-t,ens-i-ty of l i n e  rad-iation :For as 
m m y  l i n e s  as Olscng has t r a n s i t i o n  pro l iab i l i t i es  avaTlable, i n  
order t o  see hox t h e  d i s t r i b u t i o n  of e lec t ron  e m r g i e s  va r i e s  as 
t h e  discharge becomes a nonequiU.brium c2lic. The i ixplication here i s  
that t h e  plasma i s  i n  L. T. E. at atmospheric pressure. 
argues t h a t  t h i s  i s  t h e  case, arid 17e tend t o  agree base? on the  work 
i n  t h e  labora%ory .  
tha- t  t h i s  i s  t r u e .  

We 

Johns to i l7  

In any event it has not been rieorous1.y s h o m  

5 .  Publicat ion a!id T h e s i s  : 
--*I1 

W. L. Demskc, "An 1nvestie;at:ion of Electron Dif%L?:;ion i n  a n  
Electrodeless  Discharge," 
Flor ida,  August, 1966. 

Master 's  Thesis, University of 

Salaries++ $22,393 75 

Expenses+ 1~32.83 

Capi ta l  Equipxent 200.00 - 

Total  expend-itu-res $23,026.55 

*In addi-Lion t o  t h e  above, the Depa-rtment contributed: 

Salarli e s $ 2,292.01 

Expenses 258.20 

Total  expenditures $ 2,550.21 

7. References : 

1. Demske, W. L., "An Inves t iga t ion  of Electron Diffusion i n  
an Electrodeless  Discharge," Master 's  Tkiesis, Universi ty  of 
Flor ida,  August, 1966. 

2. Keefer, D. R., Clarkson, M. H. ,  and Mathews, B. E., "Probe 
Measurements i n  an Electrodeless  Di-scharge, 'I presented a t  t h e  
AIAA Plasmdynamics Conference, Monterey, Cal i fornia ,  March 
2-4, 1966. 



. .  

6. 
Stu-d-les in Electrodclcss Discharge Pl.as-iius , I '  

on Nu.clear Science ES-ll ,  No. 1 (l96h). 

K c c m n n ,  P. P. ziil Kel-ly, F. L. , "Xicrowave I)iagnosti.c 
IXEE T r a m .  

7. Johnston, I?. D., Physics LctLers, -- 20, h.99, 1-966. 
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1. Dcpartmcni.: Engineering Science and Nechmics 
_._I- 

2. Principtl l  Lnvest,igniors: J. Sielonann and L. M. IIabip 
-_._- 

3. 
senii-aniiu.nl repori; of April 30, 3.966) along t h e  f ollowtng l-ines : 

of a r o t a t i n g  f i n i t e  flu3.d mass uider c a p i l l a r y  forces  only at 
the ax-is of ano-Lher rols.t;ing f lu id . ,  -including tAe e f f e c t  of an 
e l e c t r i c  f i e l d .  

l_c_".. Klrckl';romd: .--.- - 

a. 

Research has becn d i rec ted  and continued (cf . 
The r e l a t i v e  erp.-ilihr:iwn coorCigura-tion and s t a b i l i t y  

b. The d-yiiariiic respsnsc oi" a, \:et-i;ing l i q u i d  enclosed i n  
a rota-king tank i n  a zero-g enviiwment t o  v-arious d-is-lu:r%ing 
forces .  

e .  The hydroelast ic  solu-tion f o r  the  sloshing of a l iqu id  
with a cumed surface i n  a cylind-rical t a n k  having a f l e x i b l e  
bottom. 

presented a t  t h e  5th U. S. National.. Congress of Applied Mecl-mnics, 
University of Ninnesota, June l1t-17, 1966. (An a b s t r a c t  a.ppears 
on page 7611- of t h e  Proceedings.) 
paper has been accepted for publ.icntion i n  the  open 1iteratu.re 
( s e e  below). 

An extended vers ion of t h e  

During t h i s  period, L. M. Habip invest igated t h e  
c a p i l l a r y  s t a b i l i t y  of a r o t a t i n g  dielec-tr-ic liquid cyl-inder i n  an 
e l e c t r i c  field. Results w i l l  be comunicated a t  the Southeastern 
Synposium on Missile and Aerospace Vehicle Sciences of t h e  American 
Astronautical  Society, t o  be held a t  Huntsvil le,  Alabama, December 
5-7, 1966 (see below). 

b. The general  o s c i l l a t i o n  problem of the  bubble surface has 
been s tudied f o r  t h e  so-called "ell ipt-ic case. I' 

numerical r e s u l t s  w i l l  be  comilunica,ted i n  a forthcoming paper by 
S. K. Pao and J. Sieknann. A t  present, t h e  so-called "hyperbolic 
case" i s  under inves t iga t ion .  

Analflical and 



. '. 

L. $1. IInbip, J. S:Lclna:tnn, and S. C. Chmg:, "01i .the Simp 
of a Tio-Lating II:Lqu:id Drop in ax E l e c t r i c  I?ie:l.d, I '  Acta F'ieclinnica, 
i.n press. 

S . C. Chang, "Oii Subgr.nv:it;y IJydroelastic S!.osh.:i.r!(: of a Liq~i.iCi 
with a Curved. Free Su.r:Cace in a Cyli.nd.rim1 Ta.:l?l; havi.ng a 
F1exibl.e BotAoin, I '  Master s Tlicsts University of Florida,  
Decernber, 1966. 

J. Sieluilaiiii and S. C.  Cllang, "On Liqu-id S.l.o::hing i n  a 
Cylindrical  Tank i r i th  a Flexible Bo-t-Lorn, ' I  ProceedinGs of 
Southeastern Syxposium on Missile aiid Aerospace Vehicl-e 
S c 3. enc e s , hne r i can As 'c r oiiaut i czl- S oc i et y , Ihnk s v i  I l e  , 
Alabama, 1966, i n  press. 

--.c_I 

~ __I__cI_ -- 

6. Budget for Period- May 1 to October 31, 1966: 

Sa la r i e s  $5,91.6.62 

Expens e s 111.69 

Cap i. t a1 E quipme n t  1,970.08 - 

Tot a 1  e xpe ndi tur e s $7,998.39 



1.4. 

I n i t i a l  inves t igabions  have s1ioi.m "ih,z-L Dr i i ic l l  ha.l-d.ness 3 s 
d:irectly proport ional  to gra in  bound-ary area f o r  s w c n  a l loys  
sp'anninz -the completx range of alpha brc7.s~. 
expcrialei?-Lal tec!mi.qu-e penixi-i;s the scparation of (I) hariiness at.tri?~-. 
u.-ted. t o  grain bO1J.iiilary area,  and (2) avcrsgc sir!g~.e c r y s t a l  hcrdiiess. 
The l a t t e i -  i s  measu.red by extrapolat ing t h e  hardness versus gra in  
boundary a rea  r e l a t i o n  -Lo zero grain bou.nrla:ry axen. This hardness 
value a t  zero gra5.n boundary area may bc: thought of as a siiigle 
c r y s t a l  hardness t h a t  has been averaged- over all possible  or ienta-  
tions. Tlie hardness coil-tributioii of g ra in  boumdary a rea  i s  
obtained by subtract ing the  harh-css  a-t zero gra in  boundary a rea  
from t h e  t o t a l  hardness of a po]-ycr?Js-taI. Thus the gra in  boundary 
area hardness contr ibut ion i s  measu-red by t h e  s lope of t he  hardness 
versus boundary a rea  r e l a t ion .  

For each al.l.oy, a special  

B. Swmnaxy of Pas-L Invest igat ions of Grain Bcund.ary Properties 
i n  Alpha Brass (Phase 111. 
hardness a,s a f'unction of composition: 
g r a i n  boundary a rea  -is independent of composition charge, while the 
slope of t h e  hardness versu-s grain boundary a rea  r e l a t i o n  increases  
slowly a t  first with increasing zinc coiitent, and then rises to a 
sudden peak a t  approxi.rmtely ~ O W / O  zfinc. 

G r a i n  boundary and average sing1.e c r y s t a l  
Hardness obtained a t  zero 
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4. The hard-ness of p u . ~  
coppm versus gra in  boundary a rea  su.mey vas con-ple-ted. Hardiicss ~ i s  
found to be directly pi-opor-Liolial t o  grain boundary area. The zero 
gra in  boundary area i.ntercept was sl.Tgh’Kl-y %o~:cr than those f o r  a,I.plm. 
b rasses .  nile hardncss con-tribution of g r a b  boumd-ary area TJ;LS also 
less than found f o r  any of the brasscx. Hard-ness versu.s gra-i.n 
boundary a rza  relat ioi ls  irerc a , l so  measured a t  77,573 and 8‘(3%, Iri-Lh 
%lie resu-lts  shoiring a regular s i m i l a r i t y  t o  t h e  brass studies. 

-... Propress ’---.-.---------- froin Mzy l io October 31. --.-.-.>-.2-.- 1366: 

Speculation as t o  the v a l i d i t y  of t h e  average s ing le  c r y s t a l  
hardness extrapol-at-ion vas t e s t e d  by nieasuring t h e  microhardness of 
twenty-five equal-sized graj.ns a t  each composi.tion. The general  
t r e n d  of average microhardness nieasured as a funct ion of composition 
w a s  i n  good agreement with the  zero g ra in  bouiidary a rea  hardness 
results, i n  that average hardness  of t h e  g ra in  ma te r i a l  (tr-i-thout gra in  
boundaries) does not show a maximum a t  3Oir/o z inc.  

The survey of mechanical proper t ies  was extended t o  include 
stress versus s t r a i n  r e l a t ions  f o r  a l l  of t h e  alpha brass  a l loys  
previously invest igated.  S t r e s s  versus s t r a i n  curves were determined 
b y  compressing s o l i d  ?/]&by 3/4-inch c y l i n d r i c a l  specimens. A t  
each composition, curves were es tab l i shed  as a funct ion of gra in  
boundary area, so  that comp3,r-isons could be made with hardxess versus 
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6. 

Salarics @., 4 72 . 00 
Exyenscs 27.00 



f o r  neutrons a t  vaxious teinp~ratur.cs and d e n s i t i e s .  T h t s  ~ 0 i - 1 :  i s  s - t i l l  
i n  progrzss. 

An I134 709 program i s  being const*.u.cl;cd t o  o b t a i n  t he  ground s t a t e  
%rave funct ion f o r  1.ic~u.fid helium. It solves t h e  equs-tion o b t a h e d  by 
Kiroike by miniioizing t h e  energy, usfing a tr.La1. ~ m v e  function in thc: 
form o:f a Eoltzmann fac-Lor with effective pa5.r po ten t i a l s .  T h i s  
equation involves the assumption tha t  t h e  bridge diagj:tmls i n  t h e  
Maycr c l u s t e r  expansion for ’ihc mdia.1 d i s t r i b u t i o n  f u n c t i o n  can be 
neglected.  We a r e  developing means f o r  avoiding t h i s  l as t  appr0x-i.- 
mation, which i s  known t o  be poor i n  c e r t a i n  appl ica t ions  of i n t e r e s t .  

We have obtained e f f e c t i v e  p a i r  po ten t i a l s  f o r  i d e a l  Bose and 
Fermi gases t h a t ,  when included i n  a c l a s s i c a l  Boltzmann f a c t o r ,  give 
a good approxlmation t o  t he  S l a t e r  Sum. 
gas,  we have covered t h e  range from absolute zero to i n f i n i t e  temperature. 
The energies  computed from these  e f f e c t i v e  p o t e n t i a l s  a r e  i n  e r r o r  
by, a t  worst, 8$; over most o f  the range t h e  e r r o r  i s  much smaller  than 
t h i s .  E f fec t ive  po ten t i a l s  f o r  the quantuu, non-ideal e l ec t ron  gas 
a t  high temperatures and high dens i t i e s  have a l s o  been obta.ined- t o  
give approximate S l a t e r  Sums. 
a r e  bein.g improved. 

I n  the case of the Fenni 

T h i s  work i s  continuing and t h e  methods 
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D. D. Carley, "Recent S.Lud.ic:s of' t he  Clnssica.1 li:lcctron Gas , I '  

5 .  Chcm. Phys., i n  press.  

6 .  Bu.dC;et for Period. bky 1 to October -2.-- 31 1966: 
--_I- 

Salaries $ 5,781.68 

Expenses, including computtng 9,2h6.50 

T o t a l  expenditures $15,028.18 



: The 1.!1.ol~ccular bean tcchniqu.e has a number of 
,ages wlieii appl.ied to t h e  problem of surface renc t ions  . 

Thc su.rIacc undcr :i.nvest4igati.on rimy be onienied w t t h  respect to the 
d i r e c t i o n  of t.hc incicient n!ol.eculcs, t h e  ane;nlar distrribution of 
t h c :  parti.clcs leaving a hot sU.l-fa.ce rnriy be st1rd:ied , and- the ii!eiItj.ty 
o r  any active :;pc:c:ies (c:xc?ited rno~.ecu.~.cs, atoms , o r  free rati-icals) 
prochrced in3.y be determined before they  are destroyed by gas phase or 
wall. col l l is ion.  
been at.temp-Lec?. Ye-t in:Corxnation krliich r;iay be obtained- i s  of 
consid-el*ahle vzlue Kith respect t o  a nwribcr of practicn.3- prohl_erns 
a r i s i n g  i n  t h e  s p x e  pi-ogi-anl, p.zrt)icu.larly the problem of re-cntry. 
Thc method i s  capb!.e of yiel-ding d i r e c t  i-nfomation rcigard-inl; 
such surfaxe properties 2s catalysis, residence time , and. acccilmo- 
dzl; 1 on e:Wi c i  enc y . 

Very few s tudies  along these  Xnes  haire so far  

4.  Progrcss from IvIey 1 t o  October 31 1966: The ex-p::riuientft:l 
arrangencnt con.slis-l;s of a mul.ti-channc1 molecular bemi source , a 
chopper t o  modv.laLe t h e  beam in tens i ty ,  a tungsten ribbon ta.rge-t 
and an Elcc-tronics Associates , Inc. quad.rupolc mass spectrometer 
used as t h e  molecular b c m  detector .  This detec tor  can be rotated 
about t h e  t a r g e t  to determine t h e  angular dis t r ibu-t ion funct ion of 
molecu.les r e f l e c t e d  from t h e  tungsten sur€ace. The output from t h e  
mass spectrometer i s  ampl.ified with an el.ectrometer and t h e  in-phase 
component of t h e  s i g n a l  a t  t h e  modulating frequency (usual ly  90 c.P.s.) 
i s  detected with a narrow-band, lock-in amplif ier .  

--.- .~ ___I._-_-.____.--..T--_ __ _-_._-. d 2 L -  

A preliminary search f o r  re f lec ted  hydrogen molecules, with a 
hydrogen molecular beam directed. a t  t h e  t a r g e t  gave no r e s u l t .  This 
w a s  f e l t  t o  be due t o  t h e  1o.i.r signal-to-noise ratio 02 t h e  de tec t ing  
system. Measurements of t h e  d i r e c t  incident  beam (with no t a r g e t  
i n  place)  orig-inally shotred a signal-to-noise r a t i o  of about 10, 
which i s  c l e a r l y  too  low t o  allow a re f lec ted  s ignal ,  Irhich t r i l l  have 
par‘iiclc densi_l;ies not g r e a t e r  than on2 per cent of t h e  incident  
beam, t o  be detected.  
s i g n a l  from hydrogen i n  t h e  background gas, which a r e  a t  t h e  modula- 
t i n g  frequ.ency and i n  phase with t h e  beam. 

This noise arises from components of the 
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S c ~ c r a l  mod:ificntions have bccn mack o r  aye in pxugress 1;o 
increase  the signal-to-nolse r a t i o .  Firs-t, the Q-fsc to r  of t h e  
d e t e c t i n g  sys-teiii has becii m i s e d  :i‘rorn 25 t o  about 36 by i l l s  
a,dci-i tj.on of an ac t ive  twin-T f i l t e r  nc’xork, tuned to 30 c .p. s .  

second. KLso, addi t iona l  c i r c u i t r y  h z i s  bcmi a(J.di-2 to tlie lock-in 
ampl i f ie r  t o  increase tlie time coiistailt; of I t s  low frecpency . 
cu-t-off f i l t e r  fIaoj;1 10 secoii3s t o  30 secoids, and t h e  output 3.s 
j.n-LeCl;rated over several minutes ~ .?%th  the aid of an in tc&-a tor  ~xounkd 
on t h c  chart  recoi-der. 

r i  1.lii.s represerrLs an equival.eii-t band-width of a%ou:L 2 cyc:Les per 

Second, atten’iion lias been paid -to t h e  quadrupole mass 
s p c c t r o m t c r  t o  reduce the noise levcl. as rnuch as possible .  The 
i on - s ou-re e has be c 11 re - de s igile d., and mod-i T i  c ai; :‘i oils i n t  rodu c ed .to 
d-eci-ease t h e  volume avnila.ble t o  general backgroi~md gas i n  t h e  
ioniza.t ion ri-gion and to increa-se t h e  eiKic:i.ency of extracti-on 
of ions  fo:rmcd i n  -the nioleculsr b c m .  

S hou:l_d t he r c  s u l i i  ng s i. gnal. - i, o - not s e rat i o s.L i. 1-1 bz i. n s u f f  i c ieii’i 
t o  allow de-tection of scattersd molecules, f u r t h e r  iniprovemeiit i s  
a v a i l a b l e  by a reduction of t h e  tar&--de-t,cctor dis-Lance, a-i; the 
expense of angular resolirtion. The distance. 3,s not: 35 cm., and a 
reduction by a f a c t o r  of two shou.1.d givc a four-fold increase in 
s igna l .  

5 .  
research. 
Syniposium on Fundamentals of Gas-SurTace In te rac t ions ,  t o  be held 
i n  San Diego, C a l i f o r n i a .  This research vas started as an e n t i r e l y  
new program and has received no support from other  agencies. 
Construction of t h e  conipl.ex apparatus required an i n i t i a l .  period of 
two years.  These are d i f f i c u l t  experbents  . We now f e e l ,  however, 
t h a t  t h e  major problems have been solved. 

Pu.bli.cations -_I_ : No publications have resulted as yet  from t h i s  
The preliminary resul ts  w i l l  be discussed a-I; t h e  Dzccmbcr 

6 .  Budget f o r  Period Nay 1 t o  October 31, 1.966: 

S a l a r i e s  $6,470.00 

Expenses 453.00 

C ap i  t a1 E qui pie n t  1,141.00 

T o t a l  expenditures $8,064.00 
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I. r)ep?r~rLmen:t: Pliys-ics and. Astronomy 

2. Pr j  nclpal  1iivest:i gator:  %. L. Bxiley 

3. kcl.;p;rou.n.dZ: The overall aim of t h i s  r e s c a i d i  i s  t o  con-tri.buie 
t o  -the basic understanding o:C a-'ionic collj.siou phcnanena, and their 
r o l e  i n  space physics, by means of SUA-tab1.y designed pa , r t ic le  beam 
eqeri.mcn-ts . Past research on this projec-t has coilsistcd of 
severa l  types of c o l l i s t o n  experi~flcnts . Speci:rical.:Ly, thcse  a re :  
(a) s t u - d i e s  of t he  dy~ini~ic:; and ciicrgptics o:T ion-molecule reactions, 
of t h c  general  t y p e  A+ -I- BC = AB'. -t C; (b) s'iudics of collisli.oii- 
induced dissociat ion,  f o r  exaiplc, D2+ .I- A r  = 
inves t iga t ions  of cha.rgc transfer o:T sing2.y aixi dmh:!.y ~:li:~,i.gcc? i o n s  
with neu t ra l  a;i;0111s and niolecu.les. 
been constructed f o r  thcse studies, aid are no-vr i n  opc:i-ation. 
Tliese are: (I) an angu-lar :ion sca.t-i 
de t a i l ed  in fomat ion  regarding the enel-gctics and d.ym.mics of con- 
n e u t r a l  collisions; (2) a tandem mass spec t romtc r ,  irhi-cli has been 
used primari1.y f o r  measurement of t o t a l  cross-sect ions for react ive 
ion-neutral  col.lisions . A t h i r d  appamitu.s, iirhich wri.Il be rather 
s:irapler than the first  two, and vliLch will be used mostly for 
charge t r a n s f e r  stu-d-ies, i s  n o i ~  w d c r  construct ion.  This research 
receives conc.u:t-riint su-pport from thc Air Force Olf ice  of S c i c n t i f i c  
Research. 

-.-..---I_ - -.----I 

+ D -I- Ar; and ( c )  

! h 7 0  cxpi'rjmen-Lal apparati havc 

ing app:j,ratIzs, i:liich gj-vcs 

4.. Progress from May I. t o  October 33., 196.5: 
t h e  earl.ier work Oi l  co!.l.ision-ind~~ced d issoc ia t ion ,  and on t h e  ion- 
molecule react ions Ar'. -I- % = ArD'- + D and N2" + D2 r N@ -1- D, have 
been accepted f o r  publ icat ion by t h e  Journal  of Chemical Physics ( s e e  
publ ica t ions) .  

TGio papers, d-escribing ---. .--- ___.----- 

The ion-molecule reactioii  s tudies  have been extended t o  i n v e s t i -  
ga t ions  of t h e  react ions:  (a) D2' + % = D + D; (b) @+ + H2 = %H++ H; 
and ( c )  4' + H2 = H2D+ -t D. 
and i n  sca t t e r ing  angle, were determined over t h e  primary ion labora tory  
k i n e t i c  energy range 2 5 E1:515 eV. 
dra5m from these  experiiilental r e su l t s  . 
two d i s t i n c t  react ion channels: a pick-up process, i n  which t h e  inc ident  
D2+ ex t r ac t s  a D atom from %, leaving behind a D atom which i s  
approximately a t  r e s t  i n  t h e  laboratory system; and another pick-up 

3 Distr ibut ions of product ions, i n  energy 

A number of conclusions have been 
D3+ appears t o  be formed. v i a  



I 3 .  

22 

pproc.c::;n, 5.n >r~iicli t11c target E-- mo~.ccu~.e extracts a n+ ion  from ~ l l e  
projectile D f ' .  I n  the case of the 1% 
that 
and 1J2D 
t h e  t a r g e t  112 mo1.ecul.e. 
were  also obscirved. These a:re bel.it:ved t o  be IT', D'., a.nd I%+-, which 
ari.se f ~ u i i  dissociat loi l  of excited product; ions.  These react ion 
sy:;-l;ern:; ore ccrLain2.y ve:r'y in-tcsc::ting ones, i n  that, react ions aloilg 
s o  inmy dj.fi'erent c1ir~iiri.cl.s -Lakc place; . Tlie 
i s  now being irr:i-i;ten up for pu.l>l.ication i n  Jou.Y.nal of Chemical Physics. 

-I- 
-{- 132 co l l i s ions ,  it appears 

app:ireiz.l.l.y r e s u l t s  from pick-.u.p of a 11'. ion,  from Ds , by 
I n  these col l i s ions ,  i o n s  o:C I ~ ~ R S S  l and 2 

i.s :roniicd by pick-up ol' an 11 a-ioiii by thc  inciden-i 2 -t- ion, 6 

+ D2, I)z'- -1- H2 work 

Tlie angular ion sc:a-Lteri.ng apparatus 113s a l s o  been used. reccn-tl.y 

It vas found 
i n  s tud ies  of clmrge t r a n s f e r  i n  co l l i s ions  of doulily ,charged f~ons 
with neut ra l  moleculcs, c .g.  , Ar'~-' + 112 = Ari. i- (I-IP-~.)'. 
i n  such co3.1.i s:i.ons thxt the  product Ar'- ions vere s t rongly  for-crard- 
coI.l.imated i n  angle , 16th kincAic energy distribu.t ions ~ d i i c h  m r e  
typicc?.l.ly aboirL ttrice as broad as the p~inizxy -ion profiles, and which 
had maxima at 1dneti.c enei-gies sevc ra l  cV above the mean energy of 
the prilnary ion:;. Tliat :is, t he  prodii.ct Art- ion:; on t h e  avemge lime 
greater kine-Lie energies than -Lhe prli.inrz;-y A:L;'-.'~ .~oiis . 
behavior comes about becawe of the Coulomb T C ~ I U . I ~ S ~ . O I ~  be-bmen t h e  
charged product ions . The angul.87: sc!a,ttei51lg apj?xr:xLu.s is c q x b l e  
of detectring on.1.y the  fast ;  , strongly ~fori.rai-d-col%imsted, prodiict i n n s .  . 
The other  proriuct ions [ su.cli as (Hg1-)-2 , in the reactioii cited. above] 
a r e  apparently s c a t t e r e d  throu.gh such large angles that most of tliein 
escape detcc-Cion, although s r m I 1  flumes of  bo-th 
observed f rojG collis-ions of AT$'- i r i t h  X2. 
i n  a number of c o l l i s i o n  s y s t e m :  
and He+-+ in N2. 
(Ai-+, Ne-[-, or Ire') which have mean energi.es @rca.-t,er than t h a t  oi" the  
primary ions , 2nd. a l l  of t he  transfer processes observed are exothermic. 
Tlie reac t ion  BC++ t- 
it presents  a possible  mcchanism f o r  escape of He species from t h e  
e a r t h ' s  atmosphere. 
(and t h i s  i s  n o t  energe t ica l ly  forbidden, s ince the react ion i s  
exothermic) it can y ie ld  fast HeS ions,  some of which would be direcLed 
away from t h e  e a r t h  wlith ve loc i t ies  exceeding the escape veloci ty .  

Tli5-s exceptional. 

and IT2-' WE 
Transfer has beeil observed 

and PTc-I--l- in I$, I?2J and 02; 
A l l  of these reections yic.l.ci s ing ly  cha.re?d- ions 

= ~ e +  i- (PT~+). '  i s  espec ia l ly  in- tercst ing,  s ince 

If this react ion takes place a t  thermal energies 

Tota l  cross-sections for the  t r a n s f e r  processes Ar" + €12 = 
Ar' -+ Kk t €I and Ar+-' + N2 = Ar' -+ [ N' + N; (IT2+)*] have been determined 
over the  primary ion k i n e t i c  energy range 5.4: E 1  2 5 200 eV, using t h e  
tandem mass spectrometer apparatus . l ~  
t h e  studies of angular and energetic d i s t r i b u t i o n s  described above. 

These measurements complement 

5 .  Publications : 

R.  L. Champion, L. D. Doverspike, aiid T .  L. Bailey, "Collision 
Induced Dissociation of Q1 Ions by Argon and Nitrogen," accepted 
f o r  publ icat ion as a r t i c l e  i n  Journal  of Chemical Physics, 
December 15, 1966. 
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I,. D. lloverspil~~e, R. L. Clinnqrion, and- T. L Bailey,  "13nergetlc 
aiid Angular S-i;v.dies of ArU'  and N2D-'. Fonnnt~i.on, I '  accepted f o r  
pu.blica.l;i.on as a r t i c l e  i n  Journal. of C l i e n i i ~ a l  Physics,  Deccjnber 
15, 1y66. 

L. D. Doverspike and R. L. Chanpi-on, "Energeti.c Siudies of 
Reactive Coll is i -ons f o r  the  Systems D2+ + D2 and D2+ -I- H2," 
presented a t  19i;Ii A ~ ~ i ~ i . i ? l  G~SCXILJX Electronics  Conference, 
Atlan'ia, Oc-tober, 1966. Absii-act t o  be phl..islied i n  Bul.. Ami-. 
Phys. S O C .  

6 .  

7. 

Expcns e s 2,068.82 

Capital  Equipment -L22 6 581 9' 
Total  expenc3.i-i;u:rc s $15, r(:~3.30 

Referenccs : 

1. Vance, Dennis. W. and Bailey, T.  I,. , J. Chern. p l~ys, ,  -> )!I; 
4-86, 1966. 
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1. D;3parLinent : Ru.cLear EngincerinG Sciences l_l__.I- 

2. Principrtl Invcs tip;3t80r: RoberL E .  Uhrig --- -_. 

3. B2ckgToulid: This invcs t iga l ion  is concerned- with soye of t h e  
pecu l i a r  problems associated vi t h  operat i on or nuclear rc'ac L o r ~  
i n  space as a primary source of energy Tor propulsion and e l e c t r i c a l  
powcr. 

-__- 

4. ~ r o g r e s s  t m i i i  ~ a ; y  1. to Octobcr 31 1966: 

work on model r e fe rcme  ad3,piive control  systenis vas cojnpletecl by 
Major Jack T. liunipliries, who wrote his Ph.D. dissei:.t,a-Lio-n at ,the 
Universi ty  of Florj.da on "Mod~el Ro:Cerence Adaptive Control of a 
Nucl.enr Roclie-L Engine. ' I  T b m  papers 17hich vere an ou-LgroirLh oP t h i s  
d i s s e r t a t i o n  have been presented a-t nat ions1 meetings, as indicated 
below. 

---.-.__-_-.- - > -____- 
Adaptive and Opthial Con-trol 8ys .L~~: ; .  Thc firs-t phase 0-T t h i s  
---~ll-___l_ *____ _I 

. 

A second- Ph.D. d i s se r t a t ion ,  e n t i t l e d  "Co:?ipu.tational Teclinlques 
and. Perf onnance C r i t e r i a  f o r  Oy-tirma Con L,-r.ol of 1Tu.clear System 
3)ynm:ics," by J.  K. Salu-ja,  i s  nearing carq le t ion  amd Nr. Saluja, w i l l  
prolmkly take h i s  f i n a l  examination within t h e  nex-t 30 days. 
p ro j ec t  involves t h e  appl ica t ion  of op-Lbial cont ro l  theory t o  t h e  
dynamic response of a nu-clear rocket engine. 
i s  an integi-a1 of' t h e  square of the total .  r e a c t i v i t y  as t h e  average 
core temperature i s  t r ans fe r r ed  froin one stead-y s t a t e  conditio11 t o  
another  under t h e  cons t ra in t  t h a t  t h i s  cost  funct ion be mini.mized-. 
Three problems are solved as examples of t he  appl ica t ion  of t h i s  
technique. These problems involve moving from one s teady s t a t e  t o  
another s ta te  condition m d e r  the following conditions : 
f i n a l  time, (b) fixed f i n a l  time, and ( c )  inf luence of parameter 
v a r i a t i o n  on system response. 
Closed--Loop Control of Nuclear System Djmmics" was presented a t  
the winter  meeting of t h e  American Ruclcrtr Society i n  Pi t tsburgh on 
November 1, 1 9 6 6 , ~ ~ d  at least one add i t iona l  paper i s  expected t o  
be forthcoming from t h i s  work. 

This 

The cos t  func t ion  u.sed. 

(a) variable 

A paper e n t i t l e d  "Opt i rna l  Open and 

The t h i r d  phase of t he  work involves nonlinear s t a b i l i t y  
ana lys i s  of nuclear systems. This work i s  being ca r r i ed  out by Mr. 
I ra  Thierer,  p resent ly  a NASA t r a inee .  The techniques associated 
with func t iona l  ana lys i s  and Volterra s e r i e s  so lu t ions  t o  i n t e g r a l  



equations a r e  being used t o  e s t ab l i sh  response and s t a b i l i t y  
c h a r a c t e r i s t i c s  of a nuclear system. 
absol.i.rte 1 . i m T t s  of s t a b i l i t y  have been determined- by appl ica t ion  
of t h e  proper t ies  of hypergeometric funct ions t o  t h e  s e r i e s  
representa t ion  of the  system. 

For t h e  l i n e a r  feedback case,  

O f  g rea t e r  i n t e r e s t  i s  t h e  more general  case of nonl inear  
feedback. 
opera-tor theory has been used t o  obtain a descr ip t ton  of t h e  
nuclear  system. 
dimensional Laplace transform space t o  a niulti-dimensional space. 
Work i s  continuing t o  e s t ab l i sh  s t a b i l i t y  c r i t e r i a  and time- 
dependent response f r u m  t h i s  type of system represenidation. 

Here a combination of func t iona l  ana lys i s  and nonlinear 

Tlie method i s  bas i ca l ly  an extension of one- 

The p ro jec t  has been delayed due t o  t h e  f a c t  t h a t  t h e  IBM-1800 
d i g i t a l  computer and the associated l inkage t o  connect it t o  t h e  
Applied Dyiamics AD-80 analog computer have not been del ivered as  
o r i g i n a l l y  scheduled. 
November 1, 1966 (1 year l a t e r )  and i s  s t i l l  undergoing check-out. 

The IBM-1830 w a s  f i n a l l y  del ivered about 

The necessary l inkage t o  connect it t o  t h c  AD-80 amlog  
computer w i l l  not a r r i v e  u n t i l  ear ly  1967. 
a r r i v a l  of t h i s  equipment , t h e  Department of Nuclear Engineering 
Sciences will have a f i n e  coxputational system i d e a l l y  su i t ed  f o r  t h e  
types of s tud ie s  which have been undertaken over t h e  pas t  t h ree  years.  
The work present ly  under way will be continued, and addi t iona l  
p ro jec t s  i n  t h i s  a r e a  w i l l  be undertaken even though no add i t iona l  
funding was requested f rom t h e  NASA grant  a f t e r  November 1, 1966. 

However, with t h e  

D r .  Thomas Bullock, who holds a j o i n t  appointment with Nuclear 
Engineering Sciences and E l e c t r i c a l  Engineering, i s  spending 
approximately half- t ime on work with t h e  hybrid computer; and D r .  
Andrew Sage , also a j o i n t  appointee between Nuclear Engineering 
Sciences and E l e c t r i c a l  Engineering, has been working about 
quarter-t ime on t h i s  p ro jec t .  

5 .  Publicat ions and Disser ta t ion:  

J:T. Hmphries, R.  E. Uhrig, and A. P. Sage, "Adaptive 
Control Concepts f o r  Nuclear Rocket Propulsion Systems," AIM 
Second Propulsion J o i n t  Spec ia l i s t  Conference, Colorado 
Springs , Colorado , June 13-17 , 1966. 

J. T. Hmphries, R .  E. Uhrig, and A. P. Sage, "Model 
Reference Adaptive Control of a Nuclear Rocket Engine," 
I E E E  J o i n t  Automatic Control Conferznce, S e a t t l e ,  
Washington, August 17-19, 1966. Included in Proceedings 
of meeti.ng. 
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Salaries 9; 4, 912.55 
E ~ I  e ils e s -0- 

Cap-ital l3C~ui~J;~lcllt 14, €Y(4 . 00 
T o t a l  expendituxcs $19, '786.55 



1. Department -- : Physics and Astro~:ioixy 

2. P r inc ipa l  Invest: i .ptor:  K-Y. Chen 

3. J3xIrgroumd: The study of vari.ab1.e s t a r s  at t h e  University of 
Fl0r:ida s t a r t e d  i n  l$b. Mos-t of t h e  W O T . ~  has been o’userva-tional, 
and t h e  observed 011,ject~s w r e  n?osi;l.y ecl.ip~;i.rig va r i ab le  s t a i ~ ;  . 
12.5-inch NeifGonian reflec-Lor used a-L Gaines-vil.l~e, F lor ida  i s  
equipped with a photoe lec t r ic  photometer and a s t r ip-cl iar- t  recorder,  
b u t  t he  aperture  liiliits the rwxber of variab1.c s t e l l a r  systems which 
have not a l ready been investTgated i n  de- ta i l .  Thus, du.rli.ng this 
repor t  period, observations were made wi-Lh larger instrurnan’Ls cz-L 
Cerro Tololo Inter-American O‘bserva-toiy i n  Chile, and a t  K i t t  Peak 
NationrL1 Obser-vstory i n  A r t z o n a ,  bes:i.dcs the continu.ous irork a t  t h e  
Universi ty  of F lor ida .  

-.--.-- 

The 

4. Progress from t h y  t o  October 33,  1366: 
A. Observations University or Florida: 13. R. Cam-, Research 

Assis tant ,  made observations of the  ec!_ipsinz b inary  ED 15-676, but  
t h e r e  a r e  not ye t  enough da ta  t o  coiaplete t h e  l i g h t  cu.ixe. 

-_l_-l___-- -_c_ 

Cerro Tol-010: Dazing the  period from April 25 t o  May l4., K-Y. 
Chen observcd two ec l ips ing  binar ies ,  BV 513 and BV 419, u.sing one 
of t h e  16-inch r e f l e c t i n g  telescopes.  Data were obtained i n  th ree  
co lors  (UBV) f o r  complete l i g h t  curves  of these  stars. 
of these  var iab les  a r e  observed t o  be 0.74 day for BV 51-3 and 0.63 
day f o r  BV 1119, i nd ica t ing  t h a t  the reported per iods of 0.1124 day 
f o r  BV 51-3 and 0.478 day f o r  BV 419 were i n  e r r o r .  
s tar was  discovered t o  be var iable  during t h e  inves t iga t ion ;  it was 
i d e n t i f i e d  as €ID 116994. The period of t h i s  new va r i ab le  was found 
t o  be 0.104 day. 
dwarf Cepheids. 

The periods 

A comparison 

This star most l i k e l y  belongs t o  t h e  group of 

K i t t  Peak: Using one of the 16-inch r e f l e c t i n g  telescopes,  
R.  B. Carr observed the  two ecl ipsing b inar ies ,  CZ Aquarii and W 
Piscium, i n  th ree  colors  during the period from September 15 t o  
October 30. The observed da ta  f o r  complete l i g h t  curves tril.1 be 
analyzed f o r  h i s  doctoral  d i s se r t a t ion .  

B. Red-uction of Data and Analysis. Computer progrzms are 
being compiled f o r  fu tu re  da ta  reduction and ana lys i s .  Data 
obtained as mentioned above a r e  being redu-ced. 
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C.  Search for o'lSi.i..vfl:l;oi.~ Site -111 :For -___- Ueir 30-3 .c:cccpc. A 
___.-_-__- --- 

y t h e  'UinsILey 
Ls~o:L~x~;o~-Y, Lnc . , funds for the telescope h:xiv:i.ng been provided 
from a $4.2 in i l l i on  Natioilal Science Foundation Science Dxelopnen t  
Grant. D r .  5 .  K. G-leim, Assis-tat ,  Professor of Astronoiny, and K-Y. 
Chen liavc loca-Led several  s i t e s  25 mi.les souLhT:re:;t of Gninesviile 
su-itable f o r  the new obse:t-vatory. Acq~i.is3.tion o:T the  lsiid- is 
now being handled by the business office of -the Universij,y. 

5 .  

K-Y. Clien, "Photoe lec i r ic  Obseivst ion of €ID 116994 , ' I  3: .A.U. 
Infoormatiori BuII-etin on Vari:ib? c Sisrs ,  1112, 1966. 

I_ 

6. Budget for Period Mzy 1. to Oclober. 31 1gG: -- --- - ------_- -------l-x-.- 

Salo r ies  $2,750.00 

Expcnses I. , 1oh . 00 
C apil; a1 E quip3.e nt  



2. Pr inc ipa l  Inves t iga tor :  
--I__ 

K . F.li 11. s ap s 

3. Bnckgxund: One of the classi.cal situations i n  f1u.i.d d-ynami.cs 
i s  tlie laminar f l o v  of a fl.u:id through an open:i-ng i n t o  t h e  s a n e  f1u.j-d 
which has no secondary motion or ,  t o  be rcAativcly more precise, an 
anal-yt ical  descr ip t ion  o:C the f l o r  r e su l t i ng  f rnm t h e  c o n t i m o w  
appl.ication o:r a f o r c e  along a l i n e  i n  n flu.id mcdium. 
t r a d i t f o m l  -to refer t o  t h e  s i tua- l ion as t h e  p:Lane j e t .  

-.c_.-_ 

It is 

I n  case of the  plane Je t ,  Schl:ich-L:'LnC; reduced t h e  boundaiy 
l a y e r  equations t o  an ordinary diffe:rcntial. cqu.ci-te:'Lon, trliich he then 
t r e a t e d  by continuous jo-i.nicg of a, po-vrer s e r i e s  from the or ig in  vit,ll 
an as p p t  o t  i c e xpans i oil : urd'ortuiint e 1 y , S cli li cl 1-t i n g a1 s o li: -,de s o m  
numerical e1'rors . 
t h e  involved trea-tmcnt by SchLichLing tras umecc:ssary, by exhibit:ing a 
closed forin so lu t ion  to t he  ordinary cii:l'feren-tiul e q m t i o n  i n  terms 
of hyperbolic fu.nctions. Yih used Bickley 's so1-u-tion t o  t r ea t  t r i th  
a simil.ari-ty traiicfoniiatLon the ass ociated heat t r amsfc r  probl-em, 
i n  which the usual themxi1 boundary layer ctssmipt.i.onn are made and 
i n  which a l l  e f f ec t s  du.e to viscous d i s s ipa t ion  a re  neglected.  The 
atteinp'ied experiucntal  ve r i f i ca t ion  of t h e  hydrodynamics by And-rade 
yielded only " tolerably good r e su l t s , "  and i n  view of t h e  phi losophical  
s takes  it seeins that another attempt a t  an a&!iittcdly d i f f i c u l t  
experiment would- be worthwhile. A s  far  as i s  known, rel-iab1.e data 
on t h e  heat t r a n s f e r  problem do no t  e x i s t .  

Rickley i n  a t r u l y  remarkzb.7.e paper thcn shomd t h a t  

I n  previous progress reports it has been noted t h a t  Millsaps 
and Soong completed an exact treatment of t h e  thermal boundary l a y e r  
problem t h a t  had previou.sly been attempted by Yih, and, as conjectured, 
t hey  demonstrated t h a t  t h e  solut ion by Yih vas erroneous. Galley 
proofs on an a r t i c l e  report ing t h i s  theory have recent ly  been corrected,  
and publ icat ion i s  scheduled f o r  February, 1967, i n  t h e  Blanch 
Anniversary Volw~ie. 

Experiments with t h e  ob j ec t ive  of v e r i f i c a t i o n  of t he  ve loc i ty  
and temperature p r o f i l e s  ar? being performed, although it i s  exceedingly 
d i f f i c u l t  t o  reproduce the required conditions i n  t h e  labora tory .  
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Regard-ing progress on the expel-imen-t;al iv.easurc"ments, we have 
succeeded i n  pprod-u.ciiig an extremely long stable plnno j e t ,  f roil1 
6" to 1.0", o r  ab0u.i; 60 -to 100 t inics as long as the vi.dth of the s l i t .  
Our a-ttemp-ts at a precise  dcterrrinn-Lion of t he  vel.ocity p r o f i l e s  
have been fmstrai-ed by ther-mal convective currciits which are 
induced- by t h e  heat frorii t h e  required i l l_vn~nat- i .on.  We have 
atteinptcd- t o  u s e  pulsed 3.nsei-s as sou.rccs of ill.unina'iioj.1, but 
those 3.asel.s currently avai lable  t o  us dit? not  have s u f f i c i e n t  
output power. 
source i s  necessary, al-LlJou.gh it should be no-Led t h t  OUT prescnt 
measurements of the  v e l o c i t y  p r o f i l e s  a r e  qu.ite as good. as the  
c l a s s i c a l  ones due t o  Avldrade. 

It now appears tha-t; a redesign of OUT 1.ight 

5.  -- 3udget f o r  Period &by 1 t o  October 3l., 1.966: 

Expenses 540 - 93 

Capi ta l  Equipment 324.16 

Total  Expenditures $)I-, 1-r-88.69 



1. Dzpartment: Radiology 

2. Pr inc ipa l  Inves-t;i.ga-tor: JI. L. Cromroy 

3. Background: The basic  a i m  of t h i s  research i s  t o  determine 
whether there  i s  any synerg is t ic  e f f e c t  between prolonged 
hyperbaric oxygenation and other physiC~~,l  i r 1 ~ 1 - t ~  . such as 
ion iz ing  rad ia t ion .  

--- 

I n  ad-dition, c e r t a i n  biochemical -tes'Ls T r i l l  be r u n  with 
pro~onged. pa r t i a l  pressurc? (0.5 atmosphere) of loo$ oxypn 
environment t o  detcrriine i f  any detrimcn-La1 e f f e c t s  occur fro111 
t h e  hyperbaric s i t u a t i o n  alone. Ve have s-tar-Led our iro1-1~ w5th 
nuclear volmie s i z i n g  i n  mxmals,  nlxleax. oxidat.i.ve phospl-!oryl.ntion 
s tudies  i n  rats, and d-evelopmen-t. of oxygen tens ic~n electrodes 
which t r i l l  do " in  vivo'' measuremen-Ls . 

A major problem has been t h e  s e l e c t i o n  of a hyperbaric cb:mber 
trhich would- be adaptable t o  a wide s c a l e  of tests and i.rou.ld f i t  
our space requirements. A chamber has  been ordered with tempera- 
t u r e  and humidity conti-ol, a range of pressurcs from 5 PSIA t o  1-50 
PSIA, and which penn-its food t o  be administered- while animals a r e  
umder pressure and waste t o  be removed. The current estimated 
d a t e  of del ivery i s  the  end of Noveniber, 1965. 

4. We have car r ied  out 
considerable preliminary research p r i o r  t o  the  thanker's a r r i v a l .  
One set of experiments d e a l t  with ef€ects  of low t o t a l  body 
exposu-res of ionizing rad ia t ion  on nuclear oxidative phosphoryl-ation 
i n  rat thymocytes. 
a t  l O O R  and 200R t o t a l  body exposure. 
produced a t  a r e l a t i v e l y  low dose, appears t o  us t o  be a good 
indica tor  for our dual i n s u l t  s tud ies .  We have a l s o  done a s e r i e s  
of s i z i n g  s tudies  on i n t e s t i n a l  e p i t h e l i a l  c e l l s  of mammals,  and 
attempted t o  r e l a t e  t h i s  t o  t h e i r  r e l a t i v e  rad iosens i t iv i ty .  W e  
wish t o  see i f  nuclear volune changes under prolonged hyperbaric 
conditions.  
s ince  t h e r e  were many problems. We can now f a b r i c a t e  the  electrodes 
and have s e t t l e d  on a s u i t a b l e  e lec t ronic  ampl i f ie r  f o r  our s i g n a l s .  
A t  present,  we have purchased most of t h e  e lec i ronic  "hardware" f o r  
physiological nieasurements t o  be made on animals i n  t h e  chamber. 

Progress from May 1 t o  October 31, 1966: -- 

Our data  indicate  t h a t  an e f f e c t  does occur 
This biochemical les ion,  

Our work on microelectrodes has moved r a t h e r  slowly, 



Capital Equipuent 10, $ 1 . 4  5 

Tota.1 ExTenditures $12,396.81 
- - 
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3.  
venture :i 
are only ,.:Ly u-nders-tood. A s  a r e s u l t ,  it :i-s not 1 1 0 ~ ~  possible  t o  
p r e d i c i  I 

--. Eack:rrou.nd: . . -.- The imporLance of visum1 jucignient i n  any rilsnned spacc 
r . iea , r ly-  :C?cogiiizCd, yet many zspccts of the v i suz l  process 

i behavior i n  a given extrater :Cestr ia l  si-t;u.a-l;ioi1. 

A s:, :mt i c  a.pproa.ch toward bet-Le1- unde~-.st~i,nd~ing of t h e  mzch 
of vi.sual. ::nd cerebra l  perception I-og~ca1.l.y begins with understanding 
t h e  primary ligh-i; a'hsor-ption process . Lj.gli'L f r o x  the  surrounding 
environment, held i n  focus on t h e  m t i n a  by higher-order neuxuiiusciil.xr 
a c t i v i t y ,  encounters a mosaic of v isua l  c e l l s  whose physical- proper-Lies 
i nflucnc e pi-op a g a t  i on i n t  o t he  i r out e r s egmn t s vhc re ab s orp-L5. on 
i n i t i a t e s  perceptive neural  ac t iv i ty .  

Mathemtical  techniques have not been devcil.oped t o  p m 1 i - L  a 
kno~rledgeaLble descr ip t ion  of the behavior of el.ectroniagiletic rad-iation 
under such circumstances. Solution of Mzm?cll s cqumt-ions f o r  such 
boundary cond5tions has been atteiliptcd by Jones,  with moderate su.cccss, 
by cas t ing  the  problem i n t o  an in tegra l  eqpa-Lion w i n g  a d.yadj.c Green's 
func-Lion. Prelimi.nary calcu.la,tions, bascd upon "pseu.do-modes" for 
propagation d o n g  i.rregular d i e l e c t r i c  cylinders,  support t h e  idea  
t ha t  coupling among t h e  elements of a two-d-imensional a r r ay  -- v iz .  
"cone" c e l l s  -- i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  progression of  a 
plane wave, as has been invariab2.y asswiled by physiologis ts .  
Physiologis ts  have establ ished that cones a r e  responsible f o r  hue 
discr iminat ion.  A d i s t r i b u t i o n  of t h e i r  s i z e s  and shapes, logical on 
physiological  grounds, a r e  now known to be sens i t i ve  t o  wavelength 
and might account for t h e  rnediation ai? color vis ion .  

It i s  t h e  purpose of t h i s  project to develop s u i t a b l e  mathematical 
techniques for analyzing mosaics of " l i g h t  pipes," and to t e s t  t h e  
s ign i f icance  of t h e  severa l  possible  assumptions which would permit 
ana lys i s  of t he  behavior of light i n  t h e  r e t i n a .  Because dimensions 
s c a l e  d i r e c t l y  with wavelength i f  r e f r ac t ive  ind ices  a r e  unchanged, 
microwave rad ia t ion  may be used t o  v e r i f y  mathematical assumptions. 

During t h e  f i rs t  s i x  months of t h i s  p ro jec t ,  t h e  p r inc ipa l  equip- 
ment was accpired t o  proceed with microwave ve r i f i ca t ion ,  techniques 
were developed for measu-rement of refractive index, and a computer 
program w a s  devised t o  obtain the c h a r a c t e r i s t i c s  of t h e  s i x  loirest 
propagable modes of an  a r b i t r a r y  c y l i n d r i c a l  d i e l e c t r i c  waveguide. 
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4. 
has been modified to conqiute I<o~i~~l -&ev-er .  thc  ai 'guJxiit of the  
Bessci func-Lioii, mod-ific:?, of' t h e  sccond ki.i%iy exceeds 4.51 
because, a t  t h i s  point,  the seiLii-convergent s e r i e s  f o r  K,/KI provides 
g r e a t e r  accuracy. 

Progress f r o m  ~ a . y  L to O c t o b n  31, 1966: ~ h c  eo iq)u . te~  program _ -  -----_ 

Techniques have been devised f o r  reliable nieasurernent of . 
r e f r a c t i v e  index. 
plastic -- low-density polyethylene -- may be used i n  an experi-  
mental re t ina ,  i~m~iersecl i n  mixfxres of mineral oil.,' C C i 4 ,  gasoline,  
and paraf f in ,  and t h a t  these "inters-Li-Lia1 m d i a "  irj-11 be non-- 
hazardous. 

It has been deter.mi.ncd t h a t  t h e  least expensive 

Two i d e n t i c a l  modu-lctr ''cones " have been prepni-ed f o r  t e s t i n g .  
However, a void was discovered, by chance, i n  r~ae1~iii:~iig the  sE:coiid 
*lconel' outer  segment. 
experimental results, it i s  now planned- t o  x-ray t h e  e n t i r e  stock 
of plastic.  

Since voids could v i t i a t e  t h e  microwave 

5. &idget f o r  Period May I -to Octo5c:r 31, 1966: -- 

Salaries $ n o  .66 
Expens e s 173 - 73 

Capi ta l  Equipment 5,733.82 

Tota l  expenditures $2,02h.41 
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3. Bxckgroumd: The predic-Lion of h e a t  amd ~ S G  dil"fu.sion rates 
i n  tu.i:;lsulent i'.l_o.im -is a fundmentd- pro1ilc:m of the  space-related 
sciences.  An approach to t h e  study of tu.rbu.lcnt 'iramspor'i i s  t o  
express t h e  cliffusfive f luxes i n  t ~ i - i i i ~  of eddy di:rl"u.sivity and 
conductivity tensors  : 

-. - .- - 

The IJ.SC? of a tensor ,  rather than a scalar ili.:rfu.sivity and condue-bivity 
as appl ies  to molec-u.la,:r t m n s p o r t ,  i s  neccssitatcd. here by t h e  
a n i s  o.b ropy of t h e  tu.rbulent d-i spem 3. on proccc ,sese 

The cornponents of E and K a r e  :Tu.nctlion:; of t h e  physica,.'l propcrt ics  
of t h e  flu.id and t h e  &e%cl;ry-of thc flow f i e l d ,  and have been 
eqerl imzntal ly  investiga-Led as func-tions of pos i t ion  and. Reynolds 
numbers f o r  restricted. systeias. hi objective of this inves t iga t ion  i s  
t h e  predict ion of t h e s e  qiinntiiies f o r  an, a:rbitrsry system s t r i c t l y  
f roni t h e o r e t i c a l  consid-erations and s t a t i s t i c a l  paraineters ohtai.ned 
by hot wire anemorneiery mc,-isurements of ve loc i ty  flu-ctu.ations . 
Pioneering work was done to.i,rczrd this end- by G .  I. Taylor, who 
suggested a rttndoni iralk description of the  motlion of a f l u i d  element. 

1:. 
has been t h e  developnggt OS a general  s tochas t ic  model t o  descr ibe 

Progress from May 1 t o  October 31, 1966: A primary research e f f o r t  . __- 
t h e  combined- eddy and mo1ecula.r dispersion of thermal energy. 
based on a random walk procedure were developed i n  t h e  e a r l i e r  
research e f f o r t s .  IIowver, t h e  development of s p e c i f i c  simul.ation 
procedures which provide c f f  i c i e n t  computational a l g o r i t h m  i s  
being continued. 

Models 

Monte Carlo techniques e r e  used t o  sirflulate t h e  random f l i g h t  of a 
f l u i d  element i n  a turbulen t  f i e l d .  
thermal energy by molecular dliffusion accorciing t o  t h e  l o c a l  thermal 
s ta te  of the  flow f i e l d  t h e  elemen-t i s  passing through. 
and accompanying c omput a t  ions1 algorithm allow var iab le  heat  s ource s 
and flow conditions t o  be specif ied.  
an e a r l i e r  model of t h e  present authors, which s i n u l a t e s  mass 
d i f fus ion  from point  sou.rces assuming no rnolecular t r a n s p o r t .  

The f l u i d  element loses o r  gai.ns 

The model 

This i s  a major extension of 



I) . 

Still i n  progress :i s a covpari son of avnilallle hcxit t r a n s f e r  
d a t a  f o r  ccr'ilzi.ii tu rbulen t  flow regions t o  t h e  heat t r ans€e r  predicted 
by the nlodel. 
prcdi.c-Led by t h e  niodcl and i s  coniymml -Lo the r e s u l t s  of Kistl-er,  
et a l .  (IVACA RM 58019, l95Ih), and Uberoi. and Corrsin (NIICA Report  
114.2, I L ~ ~ s ) ,  f o r  i s o ~ ~ ~ o p i c  -Li?.rbulencc. 
s o l i d  surfaces  contacting the  f l u i d  can be considered as inipcimeable; 
t h a t  is, no m a s s  t r a n s f e r  occurs across the so l id - r lu id  inte;tface.  
With thessfirl. energy t ranspor t  the sur:facc can a c t  as a source o r  
s ink .  The s tochas t ic  ni.od.el does rcprcsent the heat t r a n s f e r  at  
t h e  boundaries, but t h e  devclopment of a s a t i s f e c t o r i l y  e€€ic ien t  
coiiiputa-Lional proccdure has proven d . i f f  licult . The su.r.race heat  
t r a n s f e r  predict ions of the rflodels a r e  being compr-ed v i t h  t h e  
boundary l aye r  data of ReyLiolds, e t  a l .  (NASA 311ei110 12-1-58 I?> 
12-3-58 ir, and 12-3-78 I!?). 

T h e  heat ' t ransfer  in open f lu id  f l o v  cam bc rea2iiI.y 

\:j.th mss t:ransfer t.hc 

A program i s  being wr i t t en  f o r  the 709 1314 dig i ta , l  computer 
t o  inves'iign-te the eddy cond-uc-tivity t enso r  f o r  p a r a l l c l  p la te  
flows. Tile \=lues of t h e  t enso r  components are statist:i.cal.ly 
determined by s t r a t i f i e d  sornpling of the siniul.a-ted f1u.i.d motion 
and heat t r a n s f e r .  A comparison of t h e  p r d i c t e d  thcrxial t ranspor t  
with t h e  expciqiiiielltal data of Schlinger, et ELI-. (Ind.. and Eng. 
Chein., 45, 662-666, 1353) w i l l  be made. The j.ntcractioiis of 
moleculG a,nd turbulent  d i f fus ion  1 ~ T l . l  be invcxt igatcd by a direct 
cori-qarison of the  e f f e c t  of molecu!!ar d i f f m i v i t y  on the overall 
r a t e  of thermal energy t ranspor t  8,s predlicted by the s tochas t i c  
model. And, if t h e  effects of molecular t r anspor t  can be nssualed 
negl ig ib le ,  t h e  Eulerian-Lagrangian ve loc i ty  rel.at:l.onsliip i r i l l  be 
in fe r r ed  from a coinpar5.soii of' SchZinger s da-ta and. t h e  turbu.!-e:nt 
d i f fu-s ion  model siniulations . 

5 .  Publication: 

D. W. Kinnse and R. F?. Fahien, "Monte Carlo Predict ion of 
Radial  Axial, and o ther  Components o€ t h e  Eddy Dif fus iv i ty  
Tensor i n  Tubes," accepted- paper, American I n s t i t u t e  of 
Chemical Engineers na t iona l  meeting, S a l t  Lake City, Utah, 
May, 1967. 

6 .  7 Budget for Period May 1 t o  October 31-, 1966: 

S a l a r i e s  $ 3,910.84 

Expenses 122.84 

Capi%al Equipment 6,636.66 

Total Expenditures $io, 670.34 
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7.. Depar Lui-nt: Elec Lrical Engineering 

2. Pr inc ipa l  Invest igator :  A .  P. Sage 

--_ -_.--__ 

---------- 

3. Background.: 
of p r a c t i c a l  coixputaLiona1 p?r.occdu.res for. t h c  determi-nation of  unknom 
parameters in ,  as ire11 as %lie modeling and. coil trol  o f ,  noiil.inear 
dynamic systems. 

The goal  of t h i s  research has been t h e  devclopnen-l; ------ 

4. 

NonLIinea.r Con'irol Processes . 
t h e  d i g i t a l  sirnu1at;ion o f l i n e a r  and nonlinear cont ro l  systclns with l a rge  
sampling in t e rva l s .  
"best"  approxirrlation t o  elements o:C a contlinuous coi i t rol  system m s  
presen-Led-. 
a.pprox:irnnte t ransfer  funct ion t h a t  mrinirnizes t h e  sum of e r r o r  
squared be-tween t h e  continuous output and the ac tua l  d.iscre-t,e output.  
I n  order  t o  obtain t h i s ,  it was necessary t o  solve a nonlinear mult i -  
p o h t  boundary value problem. 
was used to reduce t h e  nonlinear boundary value pi'oblenis t o  a 
converging sequence of  l i n e a r  boumdary value problcms tha-t a re  not 
d i f € i c u l t  t o  solve oil a d i g i t a l  o r  hybrid conipu.-ter. 
that -the l a q p  sampling in t e rva l s  obtainable by t h i s  m-ethod make 
it a t t r a c t i v e  for t h e  r e a l  time d i g i t a l  simulation of cont ro l  
processes.  

Progress from lilsy 1 t o  October 31, 1.366: 
A. 
--.-.--_LI_ 

A Techniq.u.e for t h e  Real. T i m  D i g T t a l  Simu.lai;ion of - -----.---I---.--.- .-_. .______ _ll._.-_l - 
This research j-llusl;I*ated a method for -- 

An optimization c r . i t c r ion  f o r  dei;er.lxi.ning the 

The "best  I '  approximation i s  &f ined  as t h e  r ea l i zab le  

The technique of quas i - l inear iza t ion  

It was shown 

B. 
Estimation. 
of nonl inear  and time varying systems which does not require  assumptions 
concerning t h e  s t a t i s t i c a l  nature of t h e  input disturbances o r  
rneasu.rement errors. This is  p a r t i c u l a r l y  t r u e  s ince determination of 
v a l i d  s t a t i s t i c a l  da t a  concerning disturbances i n  noisy, nonlinear 
systems i s  i n  i t s e l f  an extremely dLf f i cu l t  problem. The usua l  
c l a s s i c a l  approach t o  l e a s t  squares es t imat ion schemes leads t o  
nonsequential estimations,  i n  t h a t  each time an addi t iona l  output 
observation i s  includ-ed, t h e  e n t i r e  least  squares ca lcu la t ion  must 
be  repeated. 
bu t  many questions s t i l l  remain concerning s t a t e  vector  component 
s e l ec t ion .  

Real Time Icientifj  cat ion of Dp-amic Processes by Sequent ia l  --- 
It i s  des i rab le  t o  develop a method for t h e  ident i f icatTon 

Some sequent ia l  estimation scherncs have been devised, 

The developed scherne uses Pontryagin 's  Maximum Pr inc ip l e  
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I n  -Uie course of 'ih-is invest igat ion,  it !;as bcccliie e l c a r  that  
two au.xill.ary areas  of inves t iga t ion  wou-ld g r e a t l y  enhance the. 
crzpa'bility of t he  iden t i f i ca t ion  sclienm t h a t  have been ,under 
inves t iga t ion .  These would also conrplemcnt t h e  i d e n t i f i c a t i o n  
e f f o r t  i n  tha t .  t h e  cornbi~i.ed iden-t i f icai ion,  modeling, and cont ro l  
of nonlinear dynamic processes would allow t h e  coin-ple-te closed 
loop design of a for111 of op-Limuni adaptive con-trol, 

5. Public ai; 1. on:; : 

W. C .  Choate and A. P. Sap, "A Useful Change of Variable 
for a Class of Linear D i f f e ren t i a l  Systenls," IFSE Trans. on 
Automatic Control, October, 1966. 

A .  P. Sage and S .  L. Smith, "Heal T f n e  D i g i t a J  Stnmlat ion - 

for System Control," Proceedings -.---c?--.-?-- I=, i n  press f o r  
Deccmber, 1366. 

A. P. Sage arid G .  F?. Masters, "On Line Es th ia t ion  of S t a t e s  
and Parameters f o r  Discrete Nonlinear Dynainic Systems, 
Proceedings Mational Electronics Conference-, October, 1966. 

A .  P. Sage and G .  W. Masters, " Iden t i f i ca t ion  and Modeling 
of States and Parawneters of Wclea r  Reactor Sys t e r s ,  IPXE 
Trans. on Nuclear Science, i n  press  f o r  Februnry, 1967. 

A. 12. Sage and 3. R .  Eisenberg, "Suboptimal Adaptive Control 
of a Nonlinear Plant ,"  IEEE Trans. on Automatic Control, 
July,  1966. 

J. R .  Hmphries, R.  E. Uhrig, and A .  P. Sage, "Adaptive 
Control Concepts for Nuclear Rocket Propulsion Systems," 
Proceedings AIM J o i n t  Propulsion Spec ia l i s t s  Conference, 
June, 1966. 
A .  P. Sage and T. W. E l l i s ,  "Sequential Suboptimal Adaptive 
Control of Nonlinear Systems, 
ElectronFcs ConPerence, October, 1966. 

Proceedings NLtional 

?? B. R. Eisenberg and A .  P. Sage, Closed Loop Optimization of 
Fixed Conf Tguration Systems , 
Control, 3, 1966. 

In t e rna t iona l  Journal  on 

A .  P. Sage and T.  W. E l l i s ,  "Optimal and Suboptimal Guidance 
and Control f o r  Low Thrust Orbi ta l  Transfer, 
Symposium on M%ssile and Aerospace Vehicle Sciences, American 
Astronaut ical  Society, 1966. 

Proceedings -9 
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Salai-li-es $7,9'10 . 00 
1,000.00 

$R,g70.00 

--- -.-_ 
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1. DeparLrnent: C?ieinistj.y 
-.-__I- 

B?xk[;i-ound.: This pi-og:rarfl 5s conccriicd with in fe r r ing  i n f  onnation 3 .  -._____ 

ah0u.t t h e  magiiitude of t h e  pair-vise  i n t e m o l c c u l a r  potcn-t ia l  fron1 
measu.rei~ieii-Ls of the sca t t e r~ ing  occu.rrTng TTl1ei-e a beam of a l k a l i  aton1s 
t r ave r ses  a gas-fil.led regiion. T o l a l  el .astic scnt, tcring cross  sect ions 
a r e  measured. as fu.nctions of the a l k a l i  heam energy. 
cont ro l led  by meclirLiiica1 ve loc i ty  selectioii .  

T'he l a t t e r  i s  

The intermole cu.lar po ten t i a l  cne rgy des c r i b  in2 the i n t e r a c t  ion 
bctweeii two spliei-ically sylimetric a t o m  o r  molecules i s  known - l o  
represent  a net  a t t r a c t i o n  for r e l a t i v e l y  I.arge values of t h e  
separat ion d3stance H, and a n e t  repu.lsi.on f o r  r e l a t i v e l y  sma1.l 
values of R .  l%e parameters i n  a convcnient (but a r b i t r a r y )  assumed 
form of the  p o t e n t i a l  can of-ten be f ixed  from the r e su l t s  of a s ing le  
experiment. The f m c t i o n  thus  obtr_in.ed, hoirever, i s  not an accurate  
representa t ion  of t h e  p o t e n t i a l  f o r  all values of R unl-ess, of 
course, t h e  assumed form happened t o  be the true forni. Indeed, each 
experiment i s  pr imari ly  infl.uenccd by  in t e rac t ions  of a p a r t i c u l a r  
kind, e .g.  , weak, a t t r a c t i o n ,  s t r o n c  a t t r a c t i o n ,  s t rong repulsion, 
e t c .  , and it i s  only for valu-es of R corresponding t o  t h e  appropriate  
i n t e r a c t i o n  reglon that deduced po ten t i a l  energy funct ions m a y  be 
considered- t o  be r e l i a b l e .  

I n  p r inc ip l e  , molecular beam eqe r imcn t s  can be designed to 
provid-e po ten t i a l  information for various regions of R. If t h e  
r e l a t i v e  k i n e t i c  energy of t he  co l l id ing  molecules i s  la rge ,  t he  
d is tance  of c loses t  approach i s  correspondingly small, and t h e  
change i n  d i r ec t ion  of r e l a t i v e  motion i s  pr imar i ly  determined by 
the  shor t  range repuls ive forces. On the other  hand, for low-energy 
in t e rac t ions  t h e  molecules may not approach each o ther  c lose  enough 
f o r  t h e  repuls ive forces  to contribute s ign i f i can t ly ,  and only part 
of t h e  lorzger range a t t r a c t i v e  po ten t i a l  may be determined. The 
present  experiments a r e  of t he  l a t t e r  kind, and the  in t e rp re t a t ions  
are made using the Landau-Lifschitz p a r t i a l  wave t reatnei i t  of t h e  
s catterTng phenoinenon. 

4. 1 1966: During the  gran t  
period a new McLeod gauge vas invented, col?structed and t e s t ed .  This - 
instrument eliminates t h e  e r r o r s  due t o  pumping of t h e  gauge volume 



by mercury v:.,~o:L* slrenm:i.ng f rOYi1 the rcservoi r  Lo the cn!_(?- trap. 
Other means have beeii devised and used recen-tl.y i n  o-i.!le~. 
l abora tor ies ,  bu.L %lie plncsf:iYi systcni i r ,  cubstantially s iq~] -c r  
t o  b u i l d  and operate.  A l l  of t h c  i1ier.L gt;.ses were ca l ibra ted  
with t h e  new gauge, am3 the er rors  which 370Uld  have resulted- 
f rofi t h e  mercury streaming were nm,su.red. These resv.:Lts m r e  
cons i s  t ent  with publi  shea correcti.ons ob-Laincd w i t h  ir~ore 
elaborate  equipment. 

Experiments on the scn-Lterin@ of c e s i w  inLo i h e r t  g : ~ s e s  
(a l l  except xenon) \;ere performed, ana tlic d.a;ia wi.e analyzed 
i n  t e r m s  of .the new pressu.:ce ca,l ibra-tiom. 
e a r l i e r ,  t h e  r e s u l t i n g  -parameters i i i  t h e  pa t r -v ise  pot,entials 
of t h e  form U ( r )  = C ~ - - ~ " a . 1 1  1i.e near t h e  t h e o r e t i c a l  estima-Les 
of Dslgarrio. 
previously been observcd, soli!? of the mea:;urenicn-Ls a r e  cur ren t ly  
being repeated under con&itions su.tt%ibly ' modificd t o  reduce 
the rariciom s c a t t e r .  The system Cs. - :Xc  i s  al.so t o  be s tudied.  

. 

A s  an-t.icipated 

Becausc t h e  s c a t t e r  of values m s  higher than h a s  

5. Publicaiions:  No reports on t h i s  wo~k werz submitted f o r  
publ icat ion during this period. 

_I- 

A paper d.escribing the improved 
McLeod gauge i s  planned. 

6 .  Budget f o r  Period May 1 t o  Oc-tober 31, 1.966: -- 

Salar ie  s $1.,350.00 

Expenses including computing 756.47 

6 -971 - 57 
--I__ 

Capital  Equipment 

Total  Expenditu.res $9,078- 04 



1. lkpartment : Physics and Asti-onaiiy 

2 .  GLJJ C .  Omer; Jr. 

kckground : The fundamental pinoblelil i s  t h e  nakurc o:C t h e  3-  - I------ 
g r a v i t a t i o n a l  f ie ld . .  I n  pa r t i cu la r ,  evidence i s  being sought f o r  
t h e  ex:istencc or the lion-existence of t he  cosn1o!!,ogical constant 
i n  Ei .nstein s f i e l d  equations of general rsla-tivity. Some limits 
can be s e t  on t h e  value of t h e  cosrnol.ogical constant by f i t t i n g  
r e l a - t i v i s t i c  model.s t o  tlic entire u.n-iverse. More exact de te r -  
mination i s  being sou-gh-t i n  t h e  c lus t e r s  of gal.a,xies. A cluster 
of gala-xies i s  dimensionally la rge  enough s o  t.3-tat non-Ficwtonian 
departures  from an exact inverse-sqvare l m r  of g r a v i t a t i o n a l  
ak t rac t ion  shou-ld be de-Lectable. A c lus - te r  of ga.l!axies i s  also 
astronoinica:Lly small enou.gh s o  t h a t  most of i t s  s i p l f i c a n - t  
parmicters can be de-teimincd. 

4. Calculations 
have been begu.n with the  Un ive r s i ty%?  Flor ida  I N h  703 computer, 
i n  which non-homogenc0u.s zero-pressure r e l a t i v i s t i c  moclxls of 
t h e  universe a r e  constructed where a cluster of galax ies  a t  t h e  
center i s  supcrimposcd upon a homogeneously- ex-paxding u.n:iverse. 
The model now f i t t e d  agrees with the counts of ga lax ies  mnde 
e a r l i e r  i n  the  G o m  Clustxr (A.J., 70, -!$IO) uncier t h e  assumptions 
t h a t  t h e  average mass of a c h s t e r  galaxy i s  ahowt 6 x lo1' s o l a r  
masses, t h e  age of t h e  universe i s  &out 2 x 1O1O 
average dens i ty  of mat ter  a t  i n f i n i t y  i s  abou.t 
t h e  e n t i r e  model i s  expanding monotonically. Tlzis first mod-el 
i s  not s a t i s f ac to ry ,  s ince  i t  was found that very s l i g h t  changes 
i n  t h e  constants near  t h e  cen te r  of t h e  c l u s t e r  would niake great 
d i f fe rences  i n  t h e  computed ages. 
The new generation of mod-els w i l l  have o s c i l l a t i n g  c l u s t e r  cores 
connected smoothly to a monotonically expanding c l u s t e r  periphery 
and t h e  rest of space. 
models have been made a t  present .  
developed. 
o s c i l l a t i n g  and t h e  monotonically expanding p a r t s  of t h e  clu-s ter  
model w i l l  i nd ica t e  a probable value f o r  t h e  cosmological constant.  

e;----.-.... Pro ress from May I to October 31, 1366: 

ears ,  t h e  
gni/cc, and 

This would not make good physics. 

O n l y  rough ca lcu la t ions  of these  new 
An IBTl p rogrm i s  ye t  t o  be 

It i s  hoped t h a t  t h e  t r a n s i t i o n  poin t  between t h e  

The p r inc ipa l  i nves t iga to r  spent part of A u g u s t  at t h e  Mt. 
Palomar Observatory using t h e  b8-inch Schmidt te lescope.  
s e r i e s  of 10" x 10" plates  were taken t o  include t h e  following 
c l u s t e r s  of ga.laxies: 
Abell 21-51, and Abcll 168. 
of t h e i r  pos i t ion  i n  t h e  August sky, t h e i r  approach to sphe r i ca l  

A 

& e l l  2199, Abell 2065, Abell 2255, Abell  2256, 
These s i x  c l u s t e r s  where chosen because 
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synmetry,  and because most of thcrn arc: lov-1"requerJcy radio ciiii-ttcrs . 
The f irst  two c l u s t e r s  are the most i ~ n p ~ ~ L ~ i i . b ,  and are ea,ch 
covered by th ree  p l a t e s :  one long-exposure pla-be 5.11 the red Xiid 
two shorter-ewosure plxtes i n  t h e  blue.  The remaining clustctl-s 
are covered by s ingle  blue p l a t e s .  

The pla-tes f o r  the first c l u s t e r  of galaxies ,  Abell 2199, 
a r e  now being counted. The t h e o r e t i c a l  models f o r  a c l u s t e r  
of ga lax ies  have been f i t t e d  t o  a dens i ty  d- i s t r ibu t ion  curve 
derived from the  couilts of galaxies  i n  t h e  Coma Cluster .  O f  
parLicular  i n t e r e s t  i n  
of inf lex ion  a t  akout two-thirds of t h e  c l u s t e r  radius .  A sua11 
p o s i t i v e  cosmo1.ogicnl coiistant i s  being postulated t o  explain 
t h i s  presumed structu.re.  B u t  it i s  always poss ib le  t h a t  t h i s  
po in t  of infl-exion i s  uniyu.e t o  t h e  Coma Clus te r  and i s  not; an 
un ive r sa l  f ea tu re  of a l l  c l u s t e r s  of galaxies .  This i s  why it i s  
importan-t to count o thcr  c l u s t e r s  of galaxies .  Abell 2199 has 
addi t ioi ia l  i n t e re s - t  s ince  t h e  pecul ia r  ga.laxy A r p  125 (with i t s  two 
assoc ia ted  quasars 3C332 and 3C3)-15) i s  loca ted  just outside our 
plate  boundary. This pecu l i a r  galaxy has t h e  same red-sh i f t  as 
t h e  c l u s t e r  and might possibly be a member of t he  c l u s t e r .  
can be ascer~a,ineci on ly  by ca re fu l  counting t o  determine t h e  
probable c l u s t e r  boumdary. 

these  models has been an apparent po in t  

This 

Collaboration has been begun with Professor  T. D. Carr f o r  
r ad io  surveys of t h e  c l u s t e r s  of galaxies.  The low-frequency 
colztour map pu-blished by Large, Mathewson, and JIaslm (Ikture ,  
- 183, 1664.) fo r  t h e  Coxa Cluster shows many f ea tu res  i n  coiililion 
with t h c  unpublished o p t i c a l  contour nap of t1ii.s same c l u s t e r  made 
by h e r  arid Page. Ten+attve ca lcu la t ions  by Professor  C a n  i nd ica t e  
t h a t  all of t h e  lowfrequency energy might be accounted for by t h e  
800 galaxies  assigned t o  t h i s  c l u s t e r  by Oiner, Page, and Wilson 
(A.J., 70, 440). 
can be K b s t a n t i a t e d .  
i s  now being planned over t h e  Coma Cluster .  
surveys w l l l  be made over Abell 2199 when t h e  o p t i c a l  counts a r e  
completed. Each of t h e  o ther  f i v e  c l u s t e r s  now ava i l ab le  on 
Palornsr Schmidt p l a t e s  rmy a l s o  be inves t iga ted  by t h e  methods 
of r ad io  astronomy. 
sought i s  t h e  presence or absence of i n t e r g a l e c t i c  mater ia l  i n  
t h e  c l u s t e r s .  

This would be a n  important conclusion i f  it 
Further  radio work at d i f f e r e n t  f rccpencies  

S imi l i a r  r ad io  

The primary question whose answer i s  being 
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